Introduction
Over 40 y ago, attention was paid to the relationship between nutritional status of patients and the results of surgical treatment (Rhoads & Alexander, 1955) , clinical condition and the course of certain diseases (Bastow et al, 1983; Windsor & Hill, 1988; Ziemlanski & Wartanowicz, 1999) . These studies were conducted mainly in the population of hospitalised persons, and it was demonstrated that a significant percentage of patients admitted to hospitals in the USA and Great Britain showed clinical or biochemical symptoms of malnutrition (Bistrian et al, 1974 (Bistrian et al, , 1976 Hill et al, 1977) . A similar situation was also reported in subsequent years (McWhirter & Pennington, 1994) and in other European countries (Pablo et al, 2003) . In some patients, malnutrition symptoms, found on admission to hospital, increased during hospitalisation (Hill et al, 1977; McWhirter & Pennington, 1994) . Mc Whirter and Pennington demonstrated that almost 40% of patients admitted to a big university hospital in Great Britain had body mass index (BMI) below 20 kg/m 2 , which should be regarded as symptoms of undernutrition. Besides that, it was demonstrated that abnormalities were more frequent in patients who were still in hospital more than a week after major surgery (Hill et al, 1977) . Malnutrition of patients increases morbidity, length of stay (Reilly et al, 1988; Waitzberg et al, 2001 ) and treatment cost (Christensen, 1986; Tucker & Miguel, 1996) . The increasing problem of hospital malnutrition became the subject of the European Commission debate in 2001 in Strasbourg. Attention was then drawn to the lack of programmes covering diagnosis and treatment of malnutrition and prevention of its occurrence after hospital admission. A proposal was made to establish teams responsible for the nutrition of patients in hospitals and to introduce nutrition guidelines to education programmes for both doctors and nurses.
Malnutrition may be caused by many factors. The main reason for malnutrition is disease but it can be caused by the impact of treatment, starvation (pre-and postoperation, prediagnostic) and socioeconomic conditions. Many other factors can have a negative impact on the nutritional status of patients.
The aim of our study was to assess and compare the nutritional status of patients on the day of their admission to hospital (baseline nutritional status) and on the day of their discharge (final nutritional status).
Subjects and methods
The study was multicentred, prospective and randomised. It was conducted in four teaching hospitals (State Teaching Hospitals in Warsaw, Bia"ystok, Poznañ and Szczecin, in teaching departments of internal diseases, general surgery, otolaryngology, gynaecology, ophthalmology, neurology), in four provincial hospitals (Warsaw, Bia"ystok, Poznan, Szczecin, in departments of internal diseases, general surgery, gynaecology, ophthalmology, neurology), and in four county hospitals (Ostró w Mazowiecka-the Mazowsze Province, Hajnó wka-the Podlasie Province, Golenió w-the Zachodniopomorskie Province, Poznan-the Wielkopolska Province, in departments of internal diseases, general surgery, gynaecology).
The assessment of nutritional status was carried out using a specially designed form for every 10th patient (according to case record number) admitted to respective selected departments from 1 January 1999 to 31 December 2000. Each randomly chosen patient was informed on the purpose of the study being conducted and each gave his/her written consent. The study involved a total number of 3310 patients aged from 16 to 100 y, including 1916 female aged from 16 to 92 y (mean age: 53 y) and 1394 male aged from 16 to 100 y (mean age: 54 y). The number of the surveyed patients in various kinds of hospitals and departments is presented in Table 1 .
In the study group, 2391 patients (72%) lived in urban areas and 906 (28%) in rural areas. The surveyed population can be divided by educational background as follows: primary school-1424 patients (43.4%), secondary school-1478 patients (45%), university-381 patients (11.6%). In the surveyed group, 1584 patients (48.5%) lived on pensions, 881 (27%) were blue-collar workers, 766 (23.5%) were whitecollar workers and 33 (1%) were unemployed (including students).
The aim of hospitalisation in the case of 2952 (90%) patients was diagnostic procedures and treatment, and in 345 cases (10%)-only diagnostic procedures; 1396 patients (42.4%) were subjected to various surgical operations.
Extra nutrition supplied in addition to hospital diet was declared by 1396 patients (42.3%) and supplementation with vitamins by 153 persons (4.6%). A total of 31 patients (0.9%), during hospitalisation, were given intestinal nutrition via a tube. In all, 202 patients (6.1%) had received parenteral nutrition.
For patients selected for the study, nutritional status assessment was carried out on the first day of their admission and for persons operated on-also on the day of discharge from hospital. For patients not subjected to surgical procedures, nutritional status assessment was performed on discharge only in cases of hospitalisation lasting over 10 days. Such an assumption was accepted, since, according to present knowledge, no significant changes in nutritional status are to be expected after a period shorter than 10 days. The number of patients included to the nutritional status assessment upon discharge from hospital was 2716.
The nutritional status was assessed according to the methodology proposed by Charzewska (1998) and Szczygie" et al (1994) using anthropometric measurements such as: (1) height (cm), (2) weight (kg), (3) BMI (kg/m 2 ), (4) waist-to-hip ratio (WHR), (5) arm circumference (cm), (6) weight 3 months earlier (kg); and laboratory tests such as: (1) erythrocyte count (million/mm 3 ), (2) haemoglobin concentration (g/dl), (3) leucocyte count (thousands/mm 3 ), Internal diseases  457  393  441  1291  General surgery  800  283  231  1314  Gynaecology  69  88  113  270  Neurology  97  123  -220  Other  86  129  -215 Total 1509
(4) peripheral blood lymphocyte count (thousands/mm 3 ), (5) serum albumin concentration (g/dl).
The group of patients chosen for screening tests and extended examinations of nutritional status were randomly selected out of 3310 patients (every 10th patient) and they made up a group of 331 people. In total, 121 patients were excluded from the study due to their inability to give consent to participation in the study (serious health condition), inadequate preparation of blood for biochemical tests and incorrect filling-in of the forms containing patients' data and results of laboratory tests. The patients were aged from 16 to 87 y (mean age: 54716 y). This reduced group of 210 patients comprised 122 female (mean age: 54718 y) and 88 male (mean age: 53716 y). On discharge from hospital, the extended assessment of nutritional status was repeated for some patients. It was performed on only 38 patients. The low number of patients for whom this assessment was carried out was the result of either earlier (after less than 10 days) discharge from hospital (this was true mainly in the case of patients from ophthalmological, laryngological and gynaecological departments) or death.
In order to extend the study of nutritional status of the hospitalised patients from the above described group of 210 randomly selected patients, a number of biochemical measurements were performed to determine serum levels of antioxidative vitamins (A, C, E), vitamin B 12 and folic acid. The determinations of A, C and E vitamins were performed using high-performance liquid chromatography (HPLC) technique. The values indicating undernutrition were accepted as deficient blood vitamin concentrations (Sauberlich et al, 1974) .
The data on each patient were entered into a computer database and analysed statistically using SAS Version 6.12.
The Bioethical Committee at the National Food and Nutrition Institute in Warsaw issued its permission for this study.
Results
The changes of anthropometric indices and selected blood morphological and biochemical parameters were analysed by age in the overall surveyed population, dividing them according to gender (Tables 2 and 3) .
The percentage of patients with anthropometric and some biochemical signs indicating increased nutritional risk upon admission and upon discharge from hospital is presented in Table 4 .
Additional nutrition was observed to have no influence on the anthropometric and biochemical measures of nutritional status during the patients' stay in hospital.
The analysis of the relationship between hospital stay and reduction of studied parameters during hospitalisation is presented in Table 5 . Data from this table show a significant decrease of weight, BMI, arm circumference and blood 
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J Dzieniszewski et al lymphocytes, depending on the length of stay of studied patients. Vitamin malnutrition was found, depending on vitamin type, from 1.4% (vitamin A) to 51.8% (vitamin C) with reference to patients upon admission to hospital (Table 6) . A significant folic acid deficiency was also found in a great number of subjects (32%). Upon discharge from hospital, the percentage of patients with a high vitamin deficiency slightly increased (lack of statistical significance), mainly in the case of vitamin C (from 51.8 to 67.7%) and folic acid (from 32 to 40%).
The mean vitamin values on discharge changed significantly (Po0.05) only in the case of vitamin A (increase in male) and folic acid (decrease in female).
The surveyed group of 210 patients in which extended examinations of nutritional status were carried out included 73 persons (34.9%) with normal weight ( ) occurred in 38 patients (18.2%), and low serum albumin level (o3.5 g/dl) was found in 32 patients (15.6%).
Deficient vitamin concentration occurred with a similar incidence in patients with various BMI (Table 7) . Very low vitamin C concentration was found in 58.6% of patients who were underweight and in 54.1% of those with obesity. In the case of folic acid, the percentage of subjects deficient in serum level of this vitamin was significantly higher in obese than in patients with normal weight (48.6 vs 28.8%).
Discussion
Hospitalised patients are a special class, hard to define in a coherent manner. Some patients stay in hospitals for diagnostic purposes even before development of full disease symptoms, while others are hospitalised at various stages of disease, often in periods of its significant progression, which is of great importance for the nutrition of such patients and for their nutritional status. The type of therapy exerts also a significant influence on nutritional status.
The group of in-patients surveyed by us was selected for assessment in the basic types of hospitals in Poland (teaching hospitals, provincial hospitals and county hospitals). They were hospitalised mainly in the departments of internal diseases, general surgery and gynaecology, in provincial and teaching hospitals, and also in the departments of neurology, ophthalmology and orthopaedics.
Since the aim of the study was screening assessment of the nutritional status of patients admitted to and discharged from hospitals of various types, the assessed anthropometric parameters (height, weight, BMI, WHR, arm circumference) and laboratory indices (erythrocyte count, haemoglobin Nutritional status of patients in Poland J Dzieniszewski et al Nutritional status of patients in Poland J Dzieniszewski et al concentration, leucocyte count, blood lymphocyte count and serum albumin concentration) were selected in such a way that they could be measured using simple tools (medical balance, measuring tapes) and simple analytical methods available in every hospital in Poland. The interpretation of the assessed parameters of nutritional status was done on the basis of criteria proposed by Charzewska (1998), Szczygie" et al (1994) and Gibson (1993) . The interpretation of nutritional status results is a complex problem. The obtained measurement or biochemical test results depend on many factors. Apart from technical conditions of measurements or laboratory analysis, certain parameters are influenced by such factors as age, gender, social and personal conditions, disease and treatment course. The determination of the so-called 'standard' for certain surveyed indices is not always easy, since it depends on a number of environmental factors. Standards established for one country or geographic region are not necessarily valid for people living in another culture and eating different food.
Our survey disregards seasonality and the consumption of individual products. However, given the surveying period (1 January 1999-31 December 2000), we can assume that the findings represent the average annual intake of vitamins.
In the present paper, whenever it was possible, standard values were accepted for the Polish population (Szczygie" et al, 1994; Charzewska, 1998) . In the remaining cases, the values, published in the monograph by RS Gibson (1993) , for the populations in Western Europe and North America were accepted. The establishments indicating the presence of malnutrition status require, however, a slightly wider discussion.
Height measurement was not an independent parameter for nutritional status assessment, being only one of the datum serving for calculation of the BMI.
Weight provides only summarised information on the nutritional status as it is the sum of proteins, fat, water and bone mass of the body. Should a shift occur in the proportions of these basic components, for example during oedema development, weight, in spite of worsening nutritional status (eg in blood protein deficit) may not change significantly and may even increase. Besides that, weight is strictly linked to the age of the surveyed person. Since the adult population surveyed by us included people from 16 y of age to very old age, the differences between individual persons in normal weight for such a great range of age may even reach 80%. For these reasons, weight in our study served only for BMI calculation, for comparison of weight changes during hospital stay (difference between weight on admission and that on discharge).
The weight loss prior to the admission to hospital was not covered by the scope of our survey. Data on patients' weight 3 months prior to the admission to hospital were collected through interviews. It can be seen that in all cases the weight of patients 3 months prior to the admission to hospital was higher than the weight at the hospital admission date.
Weight decline in per cent (%) during hospital stay was calculated using the following formula:
½weight on admission À weight on discharge =weight on admissionÂ100%
Given that the mean hospitalisation length was 10 days, values of weight decline reaching 1% were regarded as significant and those exceeding 2% as dangerous (Blackburn et al, 1977) .
BMI determines the relative weight rather well. It is less dependent on height (Charzewska, 1998) . BMI was calculated as follows: weight (kg)/height (m 2 ). This index correlates relatively well with various health status parameters (Keys, 1980) . In the present paper, BMI interpretation was accepted, proposed by the WHO (1988), according to which BMIo20 kg/m 2 is regarded as possibly indicating malnutrition. Some authors assume that BMIo18.0 kg/m 2 means malnutrition requiring feeding treatment (Szczygie" et al, 1994) . This problem is discussed more widely in the paper of Ferro-Luzzi et al (1992) . However, in young healthy persons between the age of 16 and 25 y, 10-25% may have BMI below 20 kg/m 2 (Gibson, 1993) .
WHR informs about fat distribution in the body, in the subcutaneous tissue and in abdominal organs. This ratio is used for the determination of two main types of excessive gathering of fatty tissue: android (central-abdominal) and gynoid (gluteal-femoral). The following values of this ratio, depending on gender, may indicate obesity type (Charzewska, 1998) : android type: male-WHR 41.0; female-WHR 40.8; gynoid type: male-WHR o1.0; female-WHR o0.8. This ratio is useless for the assessment of nutritional status and only useful for the assessment of fatty tissue distribution.
Arm circumference includes measurement of the circumference of arm muscles and surrounding fatty tissue. Arm muscle circumference measurement (after subtracting the thickness of fatty-cutaneous fold over the triceps muscle) is a better index of protein-energy nutritional status. However, in our screening studies of nutritional status, we used the measurement of the whole arm circumference, mainly due to its simplicity. The values of arm circumference are related to the surveyed persons' age and gender and, for these reasons, during the assessment they should be referred to the appropriate age group. In the present paper, arm circumference measurement served for assessment of the difference between the status upon admission and upon discharge from hospital, and not for absolute evaluation of protein-energy nutritional status.
The following range of normal values of erythrocyte count was accepted according to Gibson (1993) Dallman (1977) : male, 13.5-17.5 g/dl; female, 12.0-16.0 g/dl.
Leucocyte count is not a direct evaluation parameter of nutritional status and in our studies it was used to calculate the total blood lymphocyte count. Total lymphocyte count 41500 in mm 3 (1.5 Â 10 3 /mm 3 ) is accepted as standard. In malnutrition, the lymphocyte count in peripheral blood is reduced. It was accepted, according to Blackburn et al (1977) , that values between 900 and 1500 cells per mm 3 (0.9- ) indicate severe undernutrition. However, lymphocyte count depends on many factors such as septic conditions, stress, administration of adrenal steroids and coexistent infections. The assessment of the total lymphocyte count is a good measure of human body's immunity and can serve only as an indirect measure of nutritional status (Gibson, 1993) .
Serum albumins are a frequently used parameter of protein nutritional status. Since serum albumin's half-life is 14-20 days, it is not a very sensitive test for the assessment of nutrition changes occurring within a short time period (Gibson, 1993) . For these reasons, we have accepted in our study that control assessment of biochemical measurements (including blood albumins) is performed in patients who were hospitalised for at least 10 days or in patients operated on. Many factors influence serum albumin concentration: liver diseases, hypothyroidism (impaired production), gastrointestinal and renal diseases (increased loss), trauma, stress, infections (change of blood protein distribution in individual compartments of the body), pregnancy (through dilution) and dehydration states (blood concentration). Normal values of serum albumin concentration were accepted after Sauberlich et al (1974) and Gibson (1993) to be within the following range: male, 3.5-5.5 g/dl; female, 3.5-5.2 g/dl. The concentration of 3.5 g/dl was accepted as the lowest tolerable normal value. Values between 2.8 and 3.5 g/dl pointed to the possibility of protein malnutrition (Reilly et al, 1988; Szczygie" et al, 1994) . Tables 2 and 3 show the mean values of the surveyed anthropometric and biochemical indices of nutritional status by age (16-40, 41-60, 61-70 , and over 71 y) and depending on patients' gender, upon admission and upon discharge from hospital. Interestingly enough, the gradual decrease of certain indices in people of more advanced age was recorded, but these differences were statistically insignificant. This was true particularly for laboratory indices such as erythrocyte count, haemoglobin concentration, lymphocyte count and serum albumin concentration. In individual age groups of both male and female, the mean values of the indices tested were lower upon discharge from hospital, but without statistical significance, and fluctuated within the accepted standard range. However, the mean values of albumin concentration males aged over 70 y, upon discharge from hospital, were only 3.56 g/dl, which is close to the critical value (3.5 g/dl) that could indicate increased malnutrition risk.
The partition into four age groups aimed at getting some insight into certain age-related conditions. First, in two older age groups, there might be people with lower social status. The vast majority of people above 61 y of age are old-age pensioners, that is, people with lower income than the working population. Secondly, some surveyed indices closely related to age are as follows: weight, BMI, arm circumference and haemoglobin concentration. No statistically significant differences were found between individual age groups but some characteristic trends for individual groups were discovered. A similar situation was found in the partition into male and female cases.
Weight decrease during hospital stay reached, in some departments, over 1% and even over 2% against weight upon admission to hospital. Taking into account that the mean hospitalisation length for 3310 randomly selected patients was 11 days, it should be noted that progressing weight decline suggests protein-energy deficiencies during hospital stay. They are also suggested by the evident correlation between the number of days of hospitalisation and the difference in weight upon admission and upon discharge of the patients from hospital. Similar changes were noted for BMI. They were significantly lower upon discharge from hospital. A strong correlation was also observed between the length of hospital stay and BMI decline. The same trend was observed in the changes of arm circumference measurement results. During hospitalisation, no significant changes were observed of the WHR, which determines fatty tissue distribution in the body. Decreasing trends of the abovedescribed anthropometric indices were observed in all participating types of hospitals and departments except for the departments classified as 'other' and including mainly departments of ophthalmology. This was probably driven by different types of patients in ophthalmologic departments. There were mostly patients without severe somatic diseases and not subjected to many long-lasting diagnostic and therapeutic procedures requiring periodic fasting.
McWhirter and Pennington (1994) made similar observations of anthropometric indices of nutritional status on a group of 500 patients admitted to a university hospital in Scotland in the early 1990s. In the group surveyed by these authors, 13% of patients admitted to hospital had BMI below 20 kg/m 2 , and 22% of male and 31% of female cases had arm circumference below 25 cm. These were statistically significantly lower values as opposed to the general population. Malnutrition as low values of anthropometric indices was seen particularly in patients admitted to the departments of general medicine and respiratory system diseases and in elderly people. Bistrian et al (1974) observed that in a hospital in Boston, 36% of patients admitted to surgical departments presented symptoms of moderate protein-energy malnutrition evaluated on the basis of arm muscle measurements and in 12% severe malnutrition of this type was diagnosed using the same criteria. These studies conducted in the 1970s did not take into account the BMI in the assessment of nutritional status. (1994) observed a similar phenomenon in patients hospitalised in one of the major university hospitals in Scotland where, in a group of patients with normal weight upon admission, 39% had lower weight upon discharge, while in a group of patients with underweight, as many as 75% had lower weight upon discharge from hospital.
In the conducted survey of nutritional status of patients in hospitals, apart from screening anthropometric examinations and certain biochemical measurements (serum albumin concentration and lymphocyte count) allowing diagnosis of increased malnutrition risk, the examinations extended by biochemical indices were performed in order to detect specific increased nutritional risk. They included determinations of selected vitamin (A, C, E, folic acid and B 12 ) concentrations.
The determination of deficiencies of individual vitamins as malnutrition indices is tough for many reasons. The serum concentrations are influenced by many factors, including age, consumption level (seasonal changes), tobacco smoking, alcohol consumption and a number of diseases. Besides that, divergent opinions exist on the normal range of serum concentrations of these vitamins. Therefore, as deficient concentrations of vitamins, the values were accepted indicating undoubtedly their deficit in the body and suggesting 'specific vitamin malnutrition' (Sauberlich et al, 1974) . As it was demonstrated in the analysis performed, in spite of acceptance of this criterion, over half of the 210 patients qualified for the extended examinations had a very significant deficit of certain vitamins. This was true particularly in the case of vitamin C (51.8% of the surveyed persons) and folic acid (32%) ( Table 6 ). On the basis of these results, it may be concluded that the incidence of specific vitamin malnutrition in the population of hospital patients is significantly higher than that of energy-protein malnutrition.
An interesting and important observation, from the clinical point of view, is that very low vitamin concentration occurs with a similar incidence (with the exception of vitamin E) in patients with underweight, normal weight, overweight and obesity (Table 7) . This means that deficiencies of many vitamins occur not only in patients with underweight, but also very frequently in patients with normal weight. Such a high percentage of in-patient population with serum concentrations of vitamins lower than values accepted as normal, may not only be associated with a disease but may also reflect relatively low vitamin intake by the general population. Possibly, it may be one of the factors responsible for high incidence of certain diseases (eg ischaemic heart disease) and for the constantly increasing incidence of some malignancies, particularly large bowel cancer, in Poland.
The first representative survey on dietary habits and nutritional status of Polish population (Szponar et al, 2003) indicates relatively high intake of vitamin A and E and possibility of vitamin C deficiency in diet of some population groups.
The nutritional education run at hospitals was not covered by our survey. Currently, at the Polish hospitals, the doctor selects the type of diet for the patient. Knowledge on food and nutrition is specific to dietifians who should assist in addressing practical issues of diet application and educate the patients. The nurses who spend much time with the patients should have a fundamental knowledge of food so that they can provide advice and share their knowledge. According to numerous reports, the cooperation of the overall team taking care of the patient is crucial.
Additional nutrition of patients by their families is a characteristic feature of Polish hospitals. A significant per cent (42.29%) of the patients declared additional nutrition apart from hospital diet. The patients who were additionally fed by their families had mean weight lower by 2 kg and BMI lower by 1.0 kg/m 2 . However, in both groups of patients, that is, those additionally fed and those receiving no additional food, the same trend was observed towards the reduction of surveyed nutritional status indices during hospitalisation.
Conclusions
It can be noted that in 10.43% of patients admitted to hospitals in Poland, increased malnutrition risk was found, expressed as anthropometric indices (BMIo20.0 kg/m 2 ). The basic laboratory indices suggesting increased malnutrition risk (serum albumin concentration, blood lymphocyte count) occurred in 21% of patients. The percentage of patients with increased malnutrition risk augmented significantly when the results of extended examinations were taken into account. Very low levels of C and E vitamins and folic acid and vitamin B 12 in serum, possibly suggesting malnutrition, were found in over half of the patients admitted to hospitals. Most frequently, vitamin C (51.8% of the surveyed subjects) and folic acid (32%) deficiencies were recorded. Vitamin deficits occurred with a similar incidence in patients with anthropometric features of malnutrition as in patients with normal weight, overweight and obesity. Earlier observations that hospital stay increases the percentage of patients with low nutritional status measured by BMI and serum albumin concentration have been confirmed. A close correlation was also found between the decline of such increased malnutrition risk factor as weight, BMI, arm circumference and blood lymphocyte count and the number of hospitalisation days.
